observational unit in the analysis. The total population in Oslo was 484 000 in 1994.
Mortality rates
The mortality rates were based on death certificates that were coded and organized at the Central Bureau of Statistics for the age group 45-74 years during the period 1991-1995, i.e. for subjects born . The certificates were coded according to the Ninth Revision of the International Classification of Diseases (ICD-9), including all causes, CVD (390-460), CHD (410-414) and stroke (430-438). Age-specific mortality rates for each 5-year age group were standardized against the Norwegian population of 1 January 1981 by the direct method.
Socioeconomic indicators
The proportion of adults with low education (percentage of the population aged у16 years with only 9 years of formal education) and the proportion of middle-aged people with high income (percentage of the population aged 30-66 years with an annual income above NOK 250 000 = GBP 23 790) in 1994, were used as socioeconomic indicators. These data were available from the routine statistics of the city administration. 9 There were great differences between the districts, as demonstrated by these socioeconomic indicators. For example, the proportion of adults with low education ranged from 9.9% to 32.2% for men and from 10.1% to 39.4% for women. In the most affluent district, which also had the lowest proportion of adults with low education, 46.6% of the population had high income, compared to 14.9% in one of the most deprived districts. Similarly the proportion of immigrants in the population from non-western countries varied from under 3% in the most affluent districts to 32% in the most deprived district.
Cardiovascular risk factors
In Oslo, all 40-year-olds were invited to participate in the risk factor screening programme which was established in 1981. The screening included a questionnaire with questions about family history of CVD, smoking habits, leisure-time physical exercise, and chronic diseases such as diabetes and CVD. Height, weight and blood pressure were measured, and a non-fasting venous blood sample was taken and analysed for total cholesterol, triglycerides and high density lipoprotein (HDL)-cholesterol. 6, 7 We present aggregate measures of screening data for 6897 men and 7323 women, born 1944-1947 and examined 1985-1988 , either as population means or as a proportion of the population with the actual risk factor. Hypertension was defined as systolic blood pressure у160 mmHg or diastolic blood pressure у95 mmHg. Hypercholesterolaemia was defined as total serum cholesterol у6.5 mmol/l, and obesity was defined as body mass index (kg/m 2 ) Ͼ30. A composite multiplicative CHD risk score was calculated for all participants, based on information on gender, total cholesterol, blood pressure, smoking habits and family history of CVD. The average attendance during the period 1985-1988 was 55% for men and 62% for women.
Statistical analyses
Correlation coefficients, including partial correlation coefficients, were estimated for the relationship between gender-specific mortality rates, risk factors and socioeconomic status. The associations between mortality rates for all causes, CVD, CHD and stroke and the proportion of daily smokers, mean total cholesterol and mean systolic blood pressure for the districts, the proportion of middle-aged adults with high income and the proportion of adults with low education, were analysed in a regression analysis. To allow for differences in the amount of information available for each observational unit due to differences in population size and number of deaths, the regression analyses were done using weighted regression, where the weights were the reciprocal of the estimated variance of the observation. 10 The statistical analyses were performed using SPSS 7.0 for Windows.
Results
Great inequalities between the administrative districts of Oslo in relation to mortality rates and cardiovascular risk factors are shown in Tables 1-2. Mortality rates were 1.8 times higher for men than for women for all causes and 3.2 times higher for CHD ( Table 1 ). The range between the districts for mortality from all causes and mortality from CVD was greatest for men. The risk factor levels (Table 2) varied considerably within Oslo, especially the prevalence of elevated blood pressure, daily smoking and low physical activity in leisure-time. The mean risk factor levels were higher for men than for women, but the geographical disparities in smoking and exercise habits, and body mass index, were greater for women. For women the ratio between the maximum and minimum proportion of daily smokers in the districts was 2.3. Table 3 shows the correlation coefficients between the risk factors, smoking, blood pressure and total cholesterol, and the socioeconomic indicators and body height. For both sexes the proportion of daily smokers in the districts correlated positively with diastolic blood pressure, total cholesterol and low education, and negatively with body height and high income. The proportion of adults with low education was positively correlated with all these cardiovascular risk factors, whereas the proportion of middle-aged people with high income showed the opposite pattern for both sexes. Table 4 shows the correlations between age-adjusted mortality rates for all causes, CVD, CHD and stroke, and the risk factors including the socioeconomic indicators. There was a strong positive correlation between the risk factors and the mortality rates for both sexes. The proportion of middle-aged adults with high income was strongly and negatively correlated to the mortality rates, except for stroke mortality, where the correlation was weaker. The proportion of adults with low education was also strongly but positively correlated to mortality for both sexes.
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Smoking and physical inactivity in leisure-time were the two strongest risk factors correlated to mortality from all causes, CVD, CHD and stroke for men. For women all cardiovascular risk factors were significantly correlated to the mortality rates for all causes, CVD and CHD. The correlations between the mortality rates for all causes, CVD and CHD and blood pressure, cholesterol, obesity and the CHD risk score were stronger for women than for men. Using the prevalence of elevated blood pressure or elevated total cholesterol level in the population, instead of the population means for blood pressure and cholesterol, had little impact on the strength of the correlation coefficients between mortality and risk factors. Height showed a strong negative correlation with mortality rates, especially for men.
In order to explain the variance in mortality between the 25 districts, regression analyses were performed with the classic risk factors smoking, systolic blood pressure and cholesterol as independent variables, both alone and combined, and mortality rates for all causes, CVD, CHD and stroke as the dependent variables. The results are shown in Table 5 . The variance explained by the three independent variables when entered in the model together was significant at the P Ͻ 0.05% level for both sexes for mortality from all causes, CVD and CHD. The variance explained by the independent variables combined was also significant for stroke mortality for men. For women systolic blood pressure and cholesterol explained the variance significantly. Smoking alone explained 61-70% of the variance in mortality from all causes, CVD and CHD for men and 46-49% of the variance for women. However, only 8-10% of stroke mortality could be accounted for by smoking. For men the explained variance increased only slightly above that explained by smoking alone when all the three risk factors smoking, systolic blood pressure and cholesterol level were entered into the model together. A separate analysis only including the socioeconomic indicators, gave similar results to the risk factor analysis, indicating high correlations between these and the cardiovascular risk factors. The only exception to this was the weak and non-significant association between socioeconomic indicators and stroke mortality.
Discussion
Following the epidemic increase in CVD mortality after the Second World War in several western societies, the Seven Country Group was the first to demonstrate the strong relationship between mortality and risk factors at the population level, particularly in relation to cultural variation in dietary habits. 11 Other studies from the 1990s found much weaker associations between mortality and cardiovascular risk factors at the population level. [12] [13] [14] This study focuses on the longstanding and hitherto poorly understood distribution of inequality in health within the capital of Norway, using administrative districts as the level of analysis. 4, 15 Oslo is characterized by a consistent pattern of deprivation in certain geographical districts, as measured by socio-demographic indicators. 5 Mapping the city with these district-based data, aggregated from socioeconomic characteristics of the inhabitants, gives a picture of Oslo as 'a divided city', with a strong 'east-west' gradient. 16 The results of the present analyses show that mortality rates for all causes, CVD and CHD, are strongly related to cardiovascular risk factors and socioeconomic indicators for both sexes, whereas the relationship to stroke mortality is weaker. However, ecological studies are vulnerable to a number of potential biases. Rothman and Greenland point out that because the data in such studies are based on measurements averaged over individuals, the degree of association between exposure and disease need not reflect individual-level associations. 10 The unavailability of data necessary for controlling confounding variables is the cause of the greatest difficulty with ecological studies. Unique for ecological studies are the mechanisms of (a) confounding by group and (b) effect modification by group. Despite these inherent methodological problems, Rothman and Greenland state that 'ecological studies can be useful for detecting associations of exposure distributions with disease occurrence. Even if confounded by unknown or uncontrollable factors, such associations may signal the presence of effects worthy of further investigation.' 10 Our study could be classified as a partial ecological study, as the disease rates are age-standardized, the risk factors are measured in a specific age group, and gender-specific results are presented.
We used mortality data from the latest available period at the time of the analysis, with the same quality level as mortality statistics from the Central Bureau of Statistics. 1, 2 We selected the same age group as the one used in the Task Force Report, an age group which encompasses most of the premature deaths and even a large proportion of all deaths from CVD. 17 All the maximum rates are for districts with relatively large populations (22 000-26 200 inhabitants), with the exception of the mortality rate for stroke for women (district population 12 000), whereas the minimum rates are for districts with population sizes close to the median value of 18 200 inhabitants. The mortality data are assumed to be fully representative for the different districts. The cut-off point at 74 years makes it less likely that the results are due to selection of those already affected who have moved to nursing homes in the less affluent areas. Access to hospital care and practice in relation to death certificates should be comparable between the districts in Oslo. The partial incongruency between the cohorts represented in the mortality data and the population assessed for risk factors, may represent some bias in the analyses. If we had used a younger age group for the mortality rates, such as in the MONICA studies (35-64 years) , those with the earliest premature deaths would not have been included in the population assessed for risk factors. 12, 13 If the older subjects had been excluded from the mortality statistics, the number of deaths would have been much smaller. However, the population-based risk-factor levels during the first period 1981-1984 of the screening programme were almost identical with the results from 1985 to 1988 for both sexes, indicating stable levels of risk factors during the 1980s in Oslo. 18 The second period was used in the analyses because of the low attendance rate during the first year of the programme.
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A pertinent question to ask when using risk factor data from a survey where the attendance rate was about 60% is whether the results are biased by selection. We have no specific information about the non-attenders. In several studies with high attendance rates, the mortality rates are higher for the nonattenders. 19, 20 It is likely that this is the case, but the effect may be weaker when the attendance rates are lower. Studies of reasons for not attending similar health screening programmes in Norway indicate that non-attenders are a heterogeneous group including people with healthy lifestyles who find no personal advantage from attending screening programmes. 20, 21 In order to produce results such as those presented here, selection bias would have had to have operated in such a way that high-risk subjects were more prone to attend in the less affluent districts and low-risk subjects were more prone to attend in the more affluent districts. However, it is unlikely that attendance was affected in opposite ways in different districts within the city. Thus selection bias is an unlikely explanation for the observed differences and associations.
Information about biological induction time, that is time from exposure to time of an increased risk for an event, is based on results from intervention trials and observational studies. A classic observation was reported by Strøm and Jensen on changes in CVD mortality among middle-aged Norwegians during the Second World War. 22 These changes occurred within one year after the German occupation, indicating that induction time at the population level can be relatively short. The Oslo Diet Study followed individuals for 5 years and observed a considerable effect of dietary intervention, giving an average exposure time for the non-occurring events of 2.5 years. 8 The study group in the MONICA project increased the explained variance by introducing a time lag of 4 years when estimating the contribution of changes in classic risk factors to trends in the rates of coronary events. 23 Based upon the above we feel that a lag time between 3 and 10 years which we have in this study is realistic at the population level.
The associations between mortality rates and cardiovascular risk factors and socioeconomic indicators found in this study are strong and consistent both for mortality from all causes, for CVD and CHD mortality for both sexes, and should be biologically plausible. The exception is stroke mortality, where correlations and explained variance with the risk factors for both sexes are generally weak, probably partly due to the small number of deaths from stroke. The associations are much stronger than those observed in similar analyses in the MONICA study. [12] [13] [14] The gender differences in mortality rates and absolute risk factor levels are comparable to those found in other studies. [12] [13] [14] The strong influence of smoking compared to cholesterol is initially somewhat surprising in relation to the robust theory on cholesterol as a strong causal risk factor. 11, 24, 25 One possible explanation could be that smoking was measured with a smaller random error than a single non-fasting serum cholesterol or blood pressure measurement. Second, data for the period 1981-1996 indicate that smoking habits have remained relatively stable, while total cholesterol levels have declined all over the city in the 1990s (data not shown), as in most parts of Norway, possibly reducing the predictive strength of this indicator. 26 The role of smoking in females is clearly weaker than in males, especially for mortality from all causes. This may partly be due to the lower incidence of lung cancer in women, and the higher incidence of breast cancer in the higher socioeconomic groups. 27 The recent sharp decline in mortality rates in Oslo, more pronounced for males than for females, may also partly be the result of better care and treatment for the men. 5, 28, 29 The association between physical activity and physical fitness and mortality is well known for men, and has also been demonstrated for women. [30] [31] [32] In this study physical inactivity in leisure-time seemed to influence mortality from all causes more strongly for men than for females, while the gender effect of body mass index and obesity were the opposite. Height, which is an indicator of both genetic constitution and living conditions and socioeconomic factors in childhood and adolescence, was a remarkably strong predictor of adult male mortality in this study. 33, 34 The geographical variations in mortality rates, including CVD mortality, between districts in Oslo are large, compared with other Scandinavian cities and other western countries. 5, [35] [36] [37] Despite the limitations of ecological studies, the results of this study suggest a possible causal relationship between mortality and both classic cardiovascular risk factors and area-based socioeconomic indicators aggregated from data from individuals living in the districts. We will argue that the effect of confounding by group has been adequately reduced by using socioeconomic indicators in addition to the classic cardiovascular risk factors. The influence of bias due to differences in the proportion of immigrants is very small, as the immigrant population is much younger than the non-immigrant population, so that the number of deaths among immigrants was small. 9 We cannot exclude that the rate difference for the exposure effect at the individual level varied between groups. 10 It is therefore necessary to collect individual data on social class, biological factors and area indicators and to use these in prospective studies in order to achieve a more realistic picture of why mortality varies between geographical areas. [38] [39] [40] 
